Introduction
In February 2009, the Children's Health Insurance Program Reauthorization Act (CHIPRA) was approved by Congress and signed by President Obama. CHIPRA increased federal excise tax rates on tobacco products, effective April 1, 2009, to fund the Children's Health Insurance Program (CHIP) (formerly the State Children's Health Insurance Program (SCHIP)), a program that helps states insure low-income children who are ineligible for Medicaid but cannot afford private insurance (TTB 2010) . The increase of federal tobacco product excise tax rates after CHIPRA is summarized in Table 1 . In addition to the tax increase, CHIPRA imposed a floor stocks tax of the difference between the new tax rate and the old tax rate on all tobacco products (except large cigars) held for sale on April 1, 2009. This tax was imposed on the inventories of wholesalers and retail dealers, as well as manufacturers and importers, to prevent stockpiling.
The 2009 federal tobacco excise tax increase was significant both in terms of its magnitude and its impact on tobacco product retail prices. For example, the new tax rate on a pack of 20 cigarettes (100.66 cents per pack) is 61.66 cents higher than the old rate (39 cents per pack) and represents a 158% increase. To put this into context, the federal cigarette excise tax had increased only five other times since 1951 1 , and none of these increases were comparable to the 2009 increase in its size. All five of these increases were no more than 10 cents per pack in This research contributes to the youth smoking literature in a number of ways. It is the first study to investigate the impact of the largest federal tobacco tax increases in U.S. history on youth tobacco use. By examining youth tobacco use immediately before and after the tax increase, taking advantage of the coincidence of the timing of the Monitoring the Future survey and the tax increase, this study was able to pinpoint the behavioral changes due to the 2009 tax increase.
In addition, it examined the short-term/immediate impact of a tax increase, an important issue that previous studies using annual data were not able to address. The pre-and post-tax increase research design used in this study alleviated, though may not completely eliminate, much of the impact of the simultaneity bias and the omitted variable bias that arise from the complex relationships between smoking behavior, state level tobacco control policies, and (usually unobserved) state anti-smoking sentiment.
Because the tax increase was at the national level, this study also avoided the problem of cross state/county/city border cigarette purchasing behavior that arises from the differential tax rates in different jurisdictions, an issue that has not received adequate attention in some previous studies 2 . Additionally, by taking advantage of the sampling strategy of MTF, we were able to corroborate our results by employing a difference-in-difference model, using students who were not affected by the tax increase as a control group, to tease out the differences in smoking due to time trend and group difference. Finally, this study examined the impact of this tax increase on youth smokeless tobacco product use, a topic that few previous studies have looked at.
The next section of this paper briefly discusses a selected number of previous studies on youth smoking, placing this study in the context of the relevant literature. It is followed by a section that describes the data and statistical models used in this research. After that, the results from this study's analyses are presented. This paper concludes by discussing the implications from these results, and by summarizing the impact of the 2009 federal tobacco tax increase on youth smoking and the use of smokeless tobacco products.
Background and Context
There are a large and growing number of studies that examine the impact of cigarette price on youth smoking behavior in the U.S. Conducting a detailed literature review is beyond the scope of this study, however chapter 6 of the IARC monograph on the impact of tobacco tax and price on tobacco use (IARC 2011) provides an excellent and comprehensive review on this topic. One of the consistent findings from many previous studies is that cigarette prices have a negative impact on youth smoking prevalence. The price elasticity of smoking prevalence among youth in the U.S. has been found to be more elastic than that among adults, ranging from -0.1 to -1.2, with most of studies falling on the higher end (in absolute value) of the range -0.6 to -1.2 3 . With few exceptions, these studies have examined youth smoking behavior by taking advantage of natural experiments that result from government changes in tobacco product taxes and/or prices, which resulted in the significant spatial (i.e. state and local) and temporal (i.e. over time) changes in tobacco taxes in the U.S. over the past several decades.
Much of the earlier work on this topic used cross-sectional data and consistently found that higher cigarette prices reduce youth smoking prevalence (Lewit et al., 1981; Lewit & Coate, 1982; Chaloupka & Grossman, 1996; Chaloupka & Wechsler, 1997; CDC, 1998; Evans & Farrelly, 1998; Harris and Chan, 1999; Chaloupka & Pacula, 1999) . One of the limitations of using cross-sectional data is state cigarette taxes and other tobacco control policies are likely to be correlated with individuals' smoking attitudes and sentiment in those states. If not properly addressed, a typical cross-section analysis biases the impact of cigarette prices upward, attributing too much explanatory power to taxes and other tobacco control policies.
(1996) for those age 14 -18; -0.54 in Chaloupka & Wechsler (1997) among college students; -0.87 in Lewit et al. (1997) among 9th graders; -0.37 in a CDC report (CDC 1998) for those age 18 -24; -0.58 in Evans & Farrelly (1998) for those age 18-24; -0.93 in Chaloupka & Pacula (1999) among high school students in the MTF surveys; -0.83 in Harris & Chan (1999) among those age 15-17; close to -0.1 in Dee (1999) among high school students in the 1985 -1992 MTF sample; -0.83 in Emery et al. (2001) among those age 14-22; -0.33, -0.66 and -1.5 in Gruber & Zinman (2001) using Vital Statistic Natality data, MTF data, and Youth Risk Behavior Surveys (YRBS) data, respectively; -0.3 in Farrelly et al. (2001) among those age 18-24; -0.27 in Sloan and Trogdon (2004) for those age 18-20; -0.35 in Ross & Chaloupka (2004 among high school students; and -0.56 in Carpenter & Cook (2008) among those age 14 and above in YRBS. In addition, among studies using longitudinal data, the price elasticity of youth smoking prevalence was found to be -0.1 in Tauras & Chaloupka (1999) Studies that used quasi-experimental methods have also found a significant negative impact of cigarette prices on youth smoking prevalence (Farrelly et al., 2001; Gruber and Zinman, 2001; Sloan and Trogdon, 2004; Tauras et al.,2005; Carpenter & Cook, 2008) . Unlike the price elasticity estimates from early studies, the estimates from those studies using quasi-experimental methods tend to be smaller, ranging from -0.3 to -0. (Lewit & Coate, 1982; Chaloupka & Grossman, 1996; Chaloupka & Wechsler, 1997 In addition to the pre-and post-tax increase indicators, this study included a rich set of individual, familial, school, and state level controls. Individual level controls included gender, age, the grade the students were in, students' race/ethnicity, and weekly income. The living arrangement (living alone, with one's mother only, with one's father only, and with both parents) of students were also included, as well as mothers' education and working status. School characteristics included public versus private school, and the type of high school (prep high schools, general high schools, vocational schools). The analysis also controlled for whether students live in an urban versus a rural area. Because BTG/ImpacTeen tracks the exact date a new state tax or smoke-free air policy becomes effective, the state level tax and smoke-free air policy data could be merged to the MTF student data based on the date a student was surveyed and the state a student lives in. State excise tax rate was the tax rate on the date a student was surveyed in the state a student lived in, expressed in cents per pack for cigarettes and in percentage of the wholesale/manufacture price for smokeless tobacco. The smoke-free air policy variable was an index that captured state smokefree air laws and preemption laws at private workplaces, restaurants, and bars. This was also merged to MTF student data based on the date a student was surveyed and the state a student lived in. The tobacco control funding variable measured the monthly funding a state committed to tobacco control activities, calculated based on annual funding from various sources with different funding years. This data was also merged to the MTF data based on month and state.
Statistical Model
A straightforward econometric model was used to estimate differences in smoking and use of smokeless tobacco before and after the 2009 tax increase. The two dependent variables are two dichotomous variables that capture smoking and use of smokeless tobacco in the preceding 30 days before the survey, as described in the previous section. Specifically, the following model was estimated:
Tobacco Use = β 0 + β 1 *PostTax + β 2 *X + β 3 *Z + ε (1)
PostTax was a dichotomous variable that captured the post-tax increase period as described earlier in this paper, which had three different versions depending on the cutoff dates and whether the April 2009 sample was included or not. β 1 captured the changes in smoking and use of smokeless tobacco after the tax increase. It measured the impact of the 2009 tax increase on youth smoking and use of smokeless tobacco products. X was a vector of individual, familial and school level characteristics described in the data section. Z was a vector of state level tobacco control policies, which included state excise tax rates on tobacco products, state smoke-free air policies, and state tobacco control funding. ε was the idiosyncratic error term. Due to the nature of the dependent variables, the model could be estimated using Probit, Logit or OLS models.
However, it turned out that the results were independent of the choice of these three models, with the estimated coefficients from OLS practically identical to the marginal effects from Probit and Logit models. For the ease of interpretation of the results, only the OLS results are presented. All analyses in this paper have taken into account the complex survey design of MTF and clustered at the school level.
The reason to control for a rich set of individual, familial, school, and state level characteristics was to ensure that differences in youth smoking and use of smokeless tobacco was a result of the federal tax increase, and not driven by the variations in individual, familial, school and state characteristics that may confound the impact of the federal tax increase. One of the concerns was that students who were surveyed after the tax increase may be systematically different from those who were surveyed before the tax increase, in ways that may affect their smoking behavior and use of smokeless tobacco products. Controlling for a variety of individual, familial, school and state level characteristics was designed to mitigate its impact on the study's estimates 6 .
Nevertheless, a difference-in-difference approach was employed to corroborate the result, as discussed above in the previous section, to tease out the impact of secular trend and other confounding factors.
The method looked at the differences in use of cigarettes and smokeless tobacco products within 
Results
The summary statistics are presented in the appendix .66% reported smoking in the past 30 days, and 6.06% reported using smokeless tobacco.
Among those surveyed after May 1 2009, 11.48% reported smoking and 4.22% reported using smokeless tobacco, equivalent to a 14% drop in smoking and a 30% drop in the use of smokeless tobacco.
The third panel in Table 2 shows the prevalence of current smoking and use of smokeless tobacco among students who were surveyed before April 1 2009, in comparison with the prevalence among those who were surveyed after May 1 2009. The prevalence of current smoking among the MTF students decreased by 14% after the federal tobacco tax increase, as did the prevalence of smokeless tobacco use, which dropped by 30%. The changes in smoking and use of smokeless tobacco prevalence before and after the federal tobacco excise tax increase presented in Table 2 represent simple differences without adjusting for other observed characteristics. Table 3 presents the differences in smoking before and after the tax increase, controlling for a rich set of individual, familial, school, and state level characteristics. Two different sets of models were estimated in Table 3 . The first set of models did not control for state level tobacco control policies, while the second set controlled for state smoke-free air policies and state tobacco control funding as well as state level cigarette excise tax rates. Each set of models were estimated three times using three different definitions of pre-and post-tax increase as discussed in the previous section. Table 3 The results presented in Table 4 are almost identical to those presented in Table 3 . The rate of smoking in the past thirty days dropped between 1 and 1.8 percentage points after the 2009 federal tobacco tax increase, with most models indicating a drop by 1.3 percentage points. The estimated coefficients of the tax increase dummy were slightly higher (about 0.1 percentage point) than those in Table 3 . The fact that results in Table 4 are almost identical to those in Table   3 provides strong corroborative evidence of the impact of the 2009 tax increase on youth smoking prevalence.
Results in
Analyses of smokeless tobacco use are presented in Table 5 (2009 MTF) and Table 6 (2008 and   2009 Table 5 indicate the percent of students who reported using smokeless tobacco in the past 30 days dropped between 1 and 1.3 percentage points, depending on model specifications after the tax increase, representing a 16% to 25% decrease in the rate of smokeless tobacco use among youth. Similar to the analysis of smoking, the magnitude of the estimated coefficient for the tax increase was larger in the models without the April 2009 sample, and smaller in models using April 16 2009 as the cutoff date. The coefficient for the tax increase dummy was statistically significant in the models without state level tobacco control polices, but not statistically significant in the models with state level tobacco control polices. The lack of statistical significance is most likely due to the small sample size of smokeless tobacco users. , race/ethnicity (Non-Hispanic whites (reference category), non-Hispanic blacks, non-Hispanic other, Hispanics), urban/rural indicator, living arrangement (living with both parents (reference category), living with father, living with mother, living with others, living alone), mother's education, mother's employment status, and student's weekly income. *p<0.10, **p<0.05, ***p<0.01
MTF). The results in
In Table 6 , when 2008 MTF data were added, the coefficients of the tax increase variable became statistically significant in models with state level tobacco control policies. The magnitude of the coefficient of the tax increase variable was extremely close to that presented in Table 5, All models include the following covariates: age, grade level (8th and 10th grader indicators (12th grader as reference category)), gender (female indicator), public school, high school type (prep (reference category), general, vocational, other type), race/ethnicity (Non-Hispanic whites (reference category), non-Hispanic blacks, non-Hispanic other, Hispanics), urban/rural indicator, living arrangement (living with both parents (reference category), living with father, living with mother, living with others, living alone), mother's education, mother's employment status, and student's weekly income. *p<0.10, **p<0.05, ***p<0.01
To the extent that students/schools surveyed after the 2009 tax increase may be systematically different from those who were surveyed before the tax increase, estimates of the impact of the tax increase may be biased. While this study controlled for a variety of individual, familial and school level characteristics in its analysis, to further corroborate the results, it used a differencein-difference model linking 2008 and 2009 MTF data using school IDs to investigate whether the changes in smoking and use of smokeless tobacco were due to unobserved individual or group (school/community) differences. This difference-in-difference model, specified in the previous data section, allowed us to examine whether changes in smoking and use of smokeless tobacco were due to the difference between the control group and the treatment group (β 2 ) or due to the drop in the treatment group after the tax increase (β 3 ). The results from the difference-indifference model are presented in Table 7 (smoking) and Table 8 (smokeless tobacco). Table 7 provide strong corroborating evidence that the drop in smoking prevalence among MTF students was driven primarily by the decline in smoking among the treatment group after the tax increase, as indicated by the statistically significant coefficients of the interaction term, and was not driven by the difference between the control and treatment group and yearspecific factors. The control and treatment group do not differ in their smoking prevalence, as shown by the estimated coefficients of the treatment group indicator, which are not statistically differ from zero in all model specifications. The magnitude of the estimated coefficients of the interaction term was comparable to that of the coefficients of the tax increase variable in Table 3 and Table 4 , further corroborating the robustness of these results. The estimated coefficient of the interaction term suggests that after the tax increase, the smoking prevalence in the experiment group dropped between 1.2 and 2.1 percentage points, representing a 9% to 16% decrease in smoking prevalence. , race/ethnicity (Non-Hispanic whites (reference category), non-Hispanic blacks, non-Hispanic other, Hispanics), urban/rural indicator, living arrangement (living with both parents (reference category), living with father, living with mother, living with others, living alone), mother's education, mother's employment status, and student's weekly income. *p<0.10, **p<0.05, ***p<0.01 Table 8 presents the analysis of use of smokeless tobacco using the difference-in-difference model. Similar to the analysis of smoking, the treatment group did not differ from the control group in terms of the use of smokeless tobacco, as indicated by the statistically nonsignificant coefficients before the treatment group variable. The magnitude of the estimated coefficients of the interaction term tended to be smaller than that of the coefficients of the tax increase in Table   5 and Table 6 , and they were not statistically significant. Small sample size of smokeless tobacco users and multicollinearity between year dummy and the interaction term may explain the lack of statistical significance for the interaction term. , race/ethnicity (Non-Hispanic whites (reference category), non-Hispanic blacks, non-Hispanic other, Hispanics), urban/rural indicator, living arrangement (living with both parents (reference category), living with father, living with mother, living with others, living alone), mother's education, mother's employment status, and student's weekly income. *p<0.10, **p<0.05, ***p<0.01
Results in

Discussion and Summary
This analysis revealed that the short-term impact of the 2009 federal tobacco tax increase on youth tobacco use was substantial. Taking the estimated percentage point decrease in smoking and use of smokeless tobacco from models that controlled for state level tobacco control policies, Table 9 summarizes the impact of the 2009 federal tobacco tax increase on youth smoking and use of smokeless tobacco.
The top panel of Table 9 shows that immediately following the 2009 tax increase, students who reported smoking in the past 30 days dropped between 1.3 and 1.7 percentage points, compared to the pre-tax increase youth current smoking prevalence, representing a 9.7% to 13.3% decrease in rates of current smoking among 8 th , 10 th and 12 th grade students. Given the magnitude of cigarette price increases following the tax increase, as reported by the Bureau of Labor Statistics of the U.S. Department of Labor (USDOL, 2009), this translates to a price elasticity of smoking prevalence of -0.44 to -0.60, implying that a 10% increase in cigarette price will reduce the smoking prevalence among youth by about 4.4% to 6%. The estimated magnitude of the price elasticity of smoking prevalence in this study is close to those in earlier cross-sectional studies (Chaloupka & Grossman, 1996; Chaloupka & Wechsler, 1997; Lewit et. al, 1997; Evans & Farrelly, 1998; Harris and Chan, 1999; Chaloupka & Pacula, 1999) .
This study's estimates of the price elasticity of youth smoking prevalence were somewhat larger than those found in recent studies that used quasi-experimental methods, which concentrate on the range of -0.3 to -0.5 (Farrelly et al., 2001; Gruber and Zinman, 2001; Sloan and Trogdon, 2004; Tauras et al.,2005; Carpenter & Cook, 2008) . One possible explanation is that the 2009 federal cigarette excise tax increase caused a significant jump in average cigarette prices, and the magnitude of this change was comparable to the interstate price/tax variations, usually large in size, which were used by early cross-sectional studies to identify the impact of cigarette price/tax on youth smoking. In quasi-experimental studies, year and state fixed effects generally account for much of the variation in state price/tax, as a result absorbing part of the price/tax impact in the model. Additionally, the quasi-experimental studies usually relied on changes in price/tax within a state over time, which tended to be small in size until recently years, hence showing a smaller impact on smoking behavior. The lower panel of Table 9 summarizes the impact of the 2009 federal tobacco tax increase on use of smokeless tobacco in the past 30 days among youth. This study's estimates revealed that immediately after the tax increase, the percent of students who reported used smokeless tobacco in the past 30 days fell by 0.8 to 1.2 percentage points. Given the prevalence of current use of smokeless tobacco among 8 th , 10 th and 12 th grade students before the tax increase, this implies a drop of 16% to 24% in prevalence of current use of smokeless tobacco.
While it is difficult to precisely pinpoint the percentage increase in prices for smokeless tobacco products, based on the CPI data on "tobacco products other than cigarettes" published by the Bureau of Labor Statistics of the U.S. Department of Labor (USDOL, 2009), this study estimated the price elasticity of smokeless tobacco prevalence as being between -1.2 and -1.8. It implied that a 10% increase in smokeless tobacco product prices will reduce the rate of using smokeless tobacco among youth by about 12% to 18%. The price elasticity estimates for smokeless tobacco were larger than those found in the previous study (Tauras et al., 2007) . One possible explanation is gender differences in price elasticity. Previous studies (Cawley et al., 2004) have found that boys are more sensitive to price than girls. While the cigarette elasticity reflects the average for boys and girls, the smokeless tobacco elasticity found in this study reflects more for boys, as smokeless tobacco use among American adolescents is almost exclusively a male behavior. For example, the 30-day prevalence rates among males were 6.3%, 11.1%, and 15.8% in grades 8, 10, and 12 in the 2009 MTF survey, respectively, versus 1.4%, 2.0%, and 1.7% among females (Johnston et al., 2010) .
To put the impact of the 2009 federal tobacco tax increase in context, this study estimated the number of students (age 14 -18) who would have otherwise reported smoking in the past 30 days had the federal tobacco tax not been increased, as well as the number of students (age 14 -18) who would have otherwise reported using smokeless tobacco in the past month in the absence of the 2009 federal tobacco tax increase, using the estimates from the analysis above and the middle school and high school student population (age 14 -18) from the Census Bureau 7 . It is estimated that because of the 2009 federal tobacco excise tax increase, there were approximately 220,000 -287,000 fewer students who reported smoking in the past 30 days, as well as 135,000 -203,000 fewer students who reported use smokeless tobacco in the past 30 7 Estimates of the impact of the 2009 tax increase were based on 8 th , 10 th , and 12 th grade students, corresponding to the age group 14 to 18. The number of students (age 14 -18) enrolled days. Those estimates reveal the substantial short-term beneficial impact of the 2009 federal tobacco tax increase on American youth. The focus of this paper is on the short-run impact of the 2009 tax increase, therefore, these estimates represent only a snapshot, or a portion of what the total prevented youth projection would be. It is noteworthy that the impact of this tax increase will grow over time as the higher prices that result over time deter more and more children from initiating smoking and smokeless tobacco use. As a result, the long-term health impact of the 2009 tax increase on youth would be even more substantial than its short-term impact.
The analysis in this paper also showed that a large national tax increase can influence youth tobacco use prevalence within a very short time period. Adolescents not only respond to tax term projected number of youth prevented from smoking or using smokeless tobacco that resulted from the 2009 federal tax increase could be much larger given the resulting higher tobacco prices would deter more and more children from initiating smoking and smokeless tobacco use over time. It demonstrated that a well-designed, across-the-board tobacco tax policy can deliver both economic and health benefits, and has implications for policymakers at all levels when considering effective tobacco control policies to reduce tobacco use among youth.
www.census.gov/population/socdemo/school/cps2008/tab02-05.xls. accessed on May 10 2010.
